• BC's Provincial Overdose Cohort is a linked database with data on health care utilization of individuals overdosing from illegal drugs. People's health histories provide insight into patterns of acute and primary care prior to overdose events.
• Overdose cases have high rates of health care use, suggesting opportunities to identify at-risk individuals before they overdose and connect them with targeted programs and evidence-based interventions.
• A substantial proportion of people who went on to overdose left the emergency department without being seen or against medical advice, which suggests missed opportunities for engagement in care.
• Substance use and mental healthrelated concerns were the most common diagnoses among people who went on to overdose.
Introduction
British Columbia (BC) declared a public health emergency in April 2016 due to a rapid rise in opioid overdose deaths. 1 Despite expanded opioid-related harm reduction and public health efforts, deaths from illegal drug overdose continue to rise, with 1422 deaths in 2017 alone. More than 80% of these deaths involved the potent opioid fentanyl. 2 Established strategies to prevent or treat an opioid overdose include the distribution of take-home naloxone kits, 3 treatment of mental illness 4 and opioid agonist therapy (OAT). 5 Understanding how people who overdose use the health care system could help identify points of contact for engagement in supportive care and in delivery of evidence-based interventions. 6 Furthermore, an investigation of health care diagnoses may reveal patterns that indicate a high risk of overdose or that can provide information on comorbidities that increase risk of death from overdose.
The purpose of this study was to describe health care utilization and associated diagnoses among individuals who experienced an illegal drug overdose event, as identified in BC's Provincial Overdose Cohort. We compared frequencies and patterns of health care use among overdose cases and matched controls, using hospital, emergency department and physician administrative data.
Methods

Data source
The Provincial Overdose Cohort includes linked administrative data on health care utilization by individuals experiencing an illegal drug overdose event in BC. Detailed information on the cohort is available from the authors upon request. Briefly, individuals experiencing overdoses were identified using data from the BC Ambulance Service (BCAS), Drug and Poison Information Centre (DPIC), BC Coroners Service (BCCS), case-based reporting from emergency departments, National Ambulatory Care Reporting System (NACRS), Discharge Abstract Database (DAD) and Medical Services Plan (MSP). Five years of health history were then appended at a patient-level from DAD (all hospital discharge summaries), NACRS (all emergency department visits), MSP (all fee-for-service physician billing records) and PharmaNet (all prescription dispensations in community pharmacies). Health care utilization among cases was compared with matched controls. Controls were selected from a 20% random sample of the 2016 BC population (overdose cases removed). Cases were matched 1:5 without replacement to controls based on birth year, sex and Local Health Area of residence. For each case, health care utilization was examined over the one-year period prior to the first recorded overdose event in the cohort data; we did not consider any subsequent overdoses for an individual or their health care utilization after this first overdose event. For controls, health care utilization was compared during the same one-year period as the matched case.
Data analysis
For this analysis, we considered only diagnoses in the primary diagnostic field of each dataset. DAD and NACRS diagnoses were grouped based on the first three characters of the ICD-10-CA code. MSP visits included only those occurring in a community setting (i.e. where service location was indicated as practitioner's office in the community), because our focus was to characterize engagement with community-based physicians. We compared cases and controls in two ways: the number of individuals with at least one visit and the total number of visits in each setting. We focused on the most common diagnoses among cases in the year prior to (but not including) the first recorded overdose event. Chi-square tests were used to compare differences in proportions and exact Poisson tests to compare rates.
The Provincial Overdose Cohort included 10 456 individuals who experienced an illegal drug overdose event in BC during the study period (1 January 2015 to 30 November 2016). As suitable controls could not be found for one case, our comparisons of health care utilization used 10 455 cases and 52 275 matched controls.
Results
The demographic and health care utilization profiles of cases and controls are shown in Table 1 . Two-thirds of overdose cases were male (66% vs. 34% female) and about half were 20-39 years of age (5%, 0-19 years; 49%, 20-39 years; 35%, 40-59 years; 12%, 60+ years). Over half of the cases (60%) visited the emergency department in the year before the overdose event, compared with 17% of the controls (p < 0.001). Approximately onethird (32%) were admitted to hospital, compared with 9% of controls (p < 0.001). High proportions of both cases and controls visited community-based physicians (81% vs. 72%, respectively; p < 0.001). Overall, 89% of cases had at least one visit to the emergency department, hospital or community physician in the year prior to the overdose event compared with 74% of controls (p < 0.001). There were no records of any visits during this time for 11% of cases and 26% of controls. Considering rates of health care use, cases * Open or closed coroner investigations involving street drugs (e.g. heroin, cocaine, MDMA, methamphetamine); medications that were not prescribed to the deceased; combinations of the above, with prescribed medications; and overdoses where the origin of the drug is not known.
visited the emergency department 9.6 times more often than controls, were admitted to hospital 5.4 times more often than controls and visited community physicians 2.8 times more often than controls (p < 0.001 for each comparison; Table 1 ).
Among cases, 3 of the top 10 emergency department diagnoses and 4 of the top 10 hospital diagnoses concerned drug-and alcohol-related disorders (Table 2) . Across all visits, substance-related diagnoses (includes all diagnoses related to alcohol and drugs) were more common among cases than controls in emergency departments (18% vs. 2% of all visits with diagnosis; p < 0.001) and as a primary reason for hospitalization (21% vs. 1% of all admissions; p < 0.001). Similarly, across all visits, mental health-related diagnoses (includes all diagnoses related to mental health conditions excluding those implicating drugs or alcohol) were more common among cases than controls in emergency departments (11% vs. 5% of all visits with diagnosis; p < 0.001) and in hospitals (14% vs. 5% of admissions; p < 0.001). A notably larger proportion of cases than controls (19% vs. 4% of individuals; p < 0.001) left the emergency department without being seen or against medical advice.
A large proportion of the visits made by cases to community-based physicians were coded as drug dependence (37% among cases vs. 6% among controls; p < 0.001). The majority of these drug dependence visits (72.8% for cases; 88.3% for controls) were during periods when the individual was on opioid agonist therapy, as determined by prescription dispensation history. Aside from visits related to drug dependence, the frequencies of common community physician diagnoses were similar among cases and controls. However, when numbers of individuals rather than numbers of visits are compared, a greater proportion of cases were diagnosed with depression (18% vs. 6%; p < 0.001), anxiety (14% vs. 6%; p < 0.001), neurotic disorders (12% vs. 4%; p < 0.001) and schizophrenic psychoses (3% vs. 1%; p < 0.001) in the year before the overdose event.
Other diagnoses that were more common among cases than controls included chronic obstructive pulmonary disease (COPD: 3% vs. 1% of hospital admissions; p < 0.001) and skin infections (cellulitis: 5% vs. 3% of emergency department visits; p < 0.001). Pain-related diagnoses represented a slightly smaller fraction of visits among cases than among controls (abdominal, pelvic and back pain: 5% vs. 7% of emergency department visits; p < 0.001).
Discussion
People who overdosed from illegal drugs used the health care system frequently in the year prior to the event as observed in terms of emergency department visits, inpatient admissions and appointments with community physicians. Previous studies in Australia and the United States found similar high levels of emergency department and hospital use among drug users.
7-10 Although other studies have suggested that people who use drugs visit primary care and preventive health services at lower rates, 8 we found the proportion accessing community physicians to be about the same as matched controls. An important caveat is that about onequarter of community physician visits coincided with periods of opioid agonist therapy (e.g. methadone, suboxone) and thus may have been regular clinic checkins and urine drug testing. 5 A small but significant percentage of cases (11%) had no contact with emergency departments, hospitals or community physicians in the year before the overdose event. Preventing these overdoses should focus on identifying and reducing barriers to caring for people who use drugs, including stigma among health care providers. The proportion of people not engaged with medical care also highlights a need for interventions outside a clinical setting, such as supervised consumption sites/overdose prevention sites 11, 12 and advocacy organizations of people who use drugs.
It is troubling, but not entirely unexpected, to note the high rates of subsequent overdose among people who leave the emergency department without being seen or against medical advice. This finding is consistent with a recent systematic review that found that drug use is a risk factor for leaving inpatient treatment against medical advice. 13 Interventions to reduce leaving against medical advice include providing harm reduction services in hospitals † , improving responses to subjective symptoms such as pain and withdrawal, and developing initiatives to challenge stigma in health care settings.
14 Substance use and mental health-related concerns were found to be the most common diagnoses during health care visits by people who later overdose, which is consistent with previous studies.
7, 15 Of particular note is that diagnoses related to alcohol, stimulant and polysubstance use were frequent in this population, highlighting (as others have found 16, 17 ) the role of polysubstance use in predisposing to overdose.
Several other physical health diagnoses were more common among cases than controls. COPD stands out as a relatively frequent reason for hospitalization among cases. Tobacco use-the most important risk factor for developing COPD-is more prevalent among people with mental health and substance use disorders. 18, 19 In addition, hospitalization is typically recommended when a patient with COPD is known to have unstable housing or is otherwise at risk of being lost to follow-up, which may be true of many people with problematic substance use. A similar rationale may be applied when ensuring adequate supervision of care for patients with pneumonia and cellulitis. Cellulitis, in particular, is known to be more common among injection drug users. 20 Given that our results are based on available administrative data, some limitations should be noted. These data do not capture all individuals who overdosed and may not be equally representative across time and health regions due to differences in reporting and completeness. Furthermore, diagnoses recorded in administrative datasets do not necessarily indicate the specific context of a health care visit. The lack of specific information on exposure substances, for example, makes it difficult to distinguish overdoses from street drugs versus overdoses from prescription medication. In addition, approximately 20% of the emergency department (NACRS) data did not have a physician diagnosis, both for cases and controls, which therefore limited our understanding of these visits. In addition, coroner cases included both suspected and concluded investigations; suspected cases are based on preliminary circumstances and may change to a different classification or cause of death once the coroner investigation is concluded.
This study was conducted in collaboration with data providers and the provincial and regional stakeholders involved in overdose response. Findings were disseminated through these partners to inform service delivery and improve our understanding of opportunities for overdose prevention. Further analyses are under way to incorporate other patient characteristics (e.g. age, gender, socioeconomic status, comorbidities) that may be important in determining health care utilization and risk of overdose death. Understanding patterns of health care use among people who use illegal drugs could help to identify at-risk individuals, as well as inform targeted treatment efforts that connect individuals to further follow-up and evidence-based interventions.
